Objective: To provide charge estimates of treatment for traumatic brain injury (TBI), including both hospital and physician charges, among adults 65 years and older treated at a trauma center. Methods: We identified older adults treated for TBI during 2008-2012 (n = 1843) at Maryland's Primary Adult Resource Center and obtained hospital and physician charges separately. Analyses were stratified by sex and all charges were inflated to 2012 dollars. Total TBI charges were modeled as a function of covariates using a generalized linear model. Results: Women comprised 48% of the sample. The mean unadjusted total TBI hospitalization charge for adults 65 years and older was $36 075 (standard deviation, $63 073). Physician charges comprised 15% of total charges. Adjusted mean charges were lower in women than in men (adjusted difference, −$894; 95% confidence interval, −$277 to −$1512). Length of hospital and intensive care unit stay were associated with the highest charges. Conclusions: This study provides the first estimates of hospital and physician charges associated with hospitalization for TBI among older adults at a trauma center that will aid in resource allocation, triage decisions, and healthcare policy.
tions increased from 1.9/1000 to 2.9/1000 during the same period. 2 In the United States, the total lifetime cost of treatment for all injuries in 2000 was estimated at $406 billion, including $326 billion in lost productivity. 3 In the same year, costs for nonfatal fall-related injuries among older adults reached $19 billion. 4 Yet despite high hospitalization rates for TBI, there is limited information on costs among older adults, particularly those treated at trauma centers. Trauma center care is more expensive compared with a nontrauma center (mean adjusted costs in 2005 dollars $47 933 vs $27 986), but these estimates are not specific to TBI or older adults. 5 Older patients with TBI historically are less likely to be triaged to a trauma center; however, that is changing due recognition of undertriage of injuries in older adults and triage guidelines published by the CDC and the Eastern Association for the Surgery of Trauma. [6] [7] [8] [9] [10] Assessment of the costs of these encounters is therefore needed to guide hospitals, policymakers, and payers and to understand the implications of these changes.
The most recent estimates of TBI hospitalization charges are more than 10 years old and come from studies conducted by Thompson et al 11 and Farhad et al, 12 before the triage guidelines for older adult trauma were published. Using data from the National Study on the Costs and Outcomes of Trauma 2001-2002, Thompson 12 analyzed data from the 2006-2007 Nationwide Inpatient Survey database and reported unadjusted mean hospitalization costs of $21 460 for TBI. Neither study stratified costs of TBI treatment by treatment location (ie trauma center vs nontrauma center), and importantly, the Farhad study did not include physician charge data. 12 In fact, physician charge data are not included on the hospital bill, which is used in most cost studies. Physician services are always billed separately and are often difficult to obtain because of multiple providers without a central billing office. Consequently, physician costs are not usually included in studies on cost of injury, although prior estimates suggest they account for 18% to 26% of total treatment costs for all-cause hospitalizations. 13 Even the comprehensive Thompson study did not break out the physician costs separately. 11 The objective of this study is to provide cost estimates of treatment for TBI, including both hospital and physician charges, among older adults treated at a Level 1+ trauma center using data from 2008 to 2012.
METHODS

Data sources
We analyzed hospitalization and physician charges among adults 65 years and older who were treated for TBI at the R Adams Cowley Shock Trauma Center (STC) of the University of Maryland Medical Center during 2008-2012. The STC is Maryland's Primary Adult Resource Center and is the busiest civilian trauma program in the United States, treating more than 8000 patients annually including 33% of all trauma cases in Maryland.
14 Clinical, demographic, and injury characteristics were obtained from the STC trauma registry (STR). The STR is an administrative dataset used for quality assurance and contains data on all STC admissions since 1996. Thus, consent is not required and it is available for research following institutional review board (IRB) approval. Hospital charge data were obtained from the finance department at the University of Maryland Medical Center. Physician charge data were obtained separately from the billing departments of the STC and University Faculty Physicians.
Study participants
There are different age cut-offs for defining geriatric trauma. For our analysis we choose Medicare eligibility as a cut point. 9, 10 [15] [16] [17] To increase the specificity of the ICD-9 codes for TBI, we also required an Abbreviated Injury Scale (AIS) (version 1990) head score of more than 0.
18
Measures
We used the AIS head score to measure TBI severity and AIS scores from other body regions to calculate the Injury Severity Score (ISS), a measure of overall bodily injury. 19 The AIS system (1990) is used by trained coders to code injuries in the STR using evidence from CT and MRI scans, and injury mechanisms are coded using ICD-9 external cause (E) codes. AIS is a method of ranking anatomic injury severity relative to its threat to life and ranges from 0 to 6, with lower scores indicating milder injury. 18 We specified 7 AIS body regions: head, neck, face, thorax, abdomen, upper extremities, and lower extremities. We created an indicator variable measuring severity of injury to any another body region based on AIS score. We categorized this variable as no other injury (AIS score = 0), minor injury (AIS scores of 1-2), and moderate/severe injury (AIS scores ≥3).
The ISS is widely used to assign an overall severity score for patients with multiple injuries. 19 It is created by summing the squares of the 3 highest AIS codes in different body regions and ranges from 0 to 75. Although the AIS ranges from 0 to 6, a score of 6, currently unsurvivable, automatically sets the ISS at 75. To avoid collinearity, we created an amended version of the ISS for body regions other than head by subtracting the square of the head AIS score. This measure ranged from 0 to 66 and was dichotomized at less than 9 based on its distribution. The Glasgow Coma Scale (GCS) measures neurologic deficit in eye opening, verbal, and motor response. 20 It is commonly used as an initial measure of TBI severity because of its ease of administration.
Information on comorbid conditions was obtained during the STC admission assessment from personal medical history or proxy report and was coded using ICD-9-CM codes. We created the following indicator variables: alcohol dependence, Alzheimer disease and related dementias, cardiac arrhythmia, chronic obstructive pulmonary disease, diabetes, depression, hypertension, heart failure, ischemic heart disease, neurologic disorders (includes Parkinson's disease and epilepsy), and stroke. Length of stay at STC was measured in days. Lengths of STC stay were categorized based on distribution as less than 1 day, 1 to less than 2 days, 2 to Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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less than 4 days, 4 to less than 6 days, 6 to less than 14 days, 14 to less than 28 days, and 28 days and more. Length of intensive care unit (ICU) stay was categorized based on distribution as no ICU stay, less than 2 days, 2 to less than 6 days, 6 to less than 12 days, and 12 days and more. Insurance information is collected on all admissions to STC. We created 3 categories of primary payer: (1) Medicare, including fee for service and Medicare Advantage; (2) auto insurance; and (3) other. The other category comprised self-pay, private commercial insurance, military or Veteran's Administration, and traveler's insurance.
Data analysis
We examined distributions of all variables. Demographic and clinical characteristics differed significantly by sex; therefore, we stratified the univariate analyses.
To gain an understanding of factors associated with increased charges and identify covariates for our adjusted model, we conducted multiple stratified analyses of mean unadjusted TBI hospitalization charges, physician charges, and total charges. Charges were inflated to 2012 dollars using the consumer price index.
During univariate analysis we observed that some individuals had significantly elevated total TBI charges. To better understand characteristics associated with very high charges, we conducted a subanalysis of individuals comprising the top 1% of total hospitalization charges (≥$289 000).
Total TBI charges were modeled as a function of covariates using a generalized linear model. We selected the appropriate distribution family using the Modified Park and the Reset test and selected the appropriate link function using the Pearson Correlation Test, Pregibon Link Test, and the Modified Hosmer and Lemeshow test (for specification). Covariates were selected into our final model based on a P value of <.05 in bivariate analysis, a P value of <.05 using likelihood ratio statistics from the generalized linear model, and evidence of model fit from likelihood and deviance statistics. Our final model used a gamma distribution and identity link to model mean total charges as a function of sex, AIS head score, the dichotomized amended ISS, length of ICU stay, length of hospital stay, and in-hospital mortality. We calculated adjusted mean charges, marginal effects, and 95% confidence intervals using the delta method.
Data analysis was performed using SAS version 9.4 (SAS Institute, Cary, North Carolina) and STATA Release 14 (StataCorp 2015, College Station, Texas), and a P value of <.05 was considered statistically significant. This study was approved by the IRB of the University of Maryland, Baltimore.
RESULTS
There were 2030 adults 65 years and older treated at the STC for TBI during 2008 to 2012. Of these, 1843 (91%) had complete physician and hospital charge data and were included in this study. Individuals without complete charge data (n = 187) did not differ significantly by age, sex, or injury characteristics from those with complete charge data. However, individuals without complete charge data were more likely to have a head AIS score of 1 versus AIS 2 to 6 (26% vs 20%, P = .04), to have been transported to the STC directly from the injury scene (73% vs 54%, P < .001), and to be admitted in 2008 (47% vs 15%, P < .001) compared with those who had complete charge data.
Demographic and clinical characteristics of the sample, stratified by sex, are listed in Tables 1 and 2 . Women comprised 48% of the sample and were older, with average age 79.9 (standard deviation [SD], 8.2) years compared with 76.8 (SD, 7.7) years for men (P < .001). Women were more likely than men to have Medicare coverage (85% vs 78%, P < .001). Average length of hospital stay among women was shorter (P < .001) and women were more likely not to have an ICU stay (73% vs 65%, P < .001). Women were also less likely to be dead at discharge from the STR (14% vs 18%, P = .008). Based on an admission GCS score of 14 or 15, 73% of the sample had mild TBI. Distribution of the AIS head score differed by sex, with women less likely to have a score of 5 or more compared with men (17% vs 22%, P = .02). Women were more likely to have been injured in a fall (83% vs 72%, P < .001) compared with men.
Mean unadjusted hospitalization, physician, and total charges are presented in Table 3 . Mean unadjusted total TBI hospitalization charges for adults 65 years and older were $36 075 (SD, $63 073). Charges for women were lower than those for men ($27 797; SD, $45 404; vs $43 673; SD, $74 971; Student t test P < .001). Hospital charges ($30 651; SD, $53 702) comprised 85% of the total charges and physician charges ($5425; SD, $10 895) made up the remaining 15%. Charges varied greatly by sex, injury severity, payer, and vital status at discharge, but the primary drivers of unadjusted charges were ICU stay and length of hospital stay.
Adjusted mean charges were lower in women than in men (adjusted difference, −$894; 95% confidence interval [CI] , −$277 to −1512) (see Table 4 ). Length of hospital stay and ICU stay had the largest impact on adjusted mean total TBI hospitalization charges. Charges increased exponentially compared with a length of stay of less than 1 day, with adjusted differences of $1986 (95% CI, $1103 to $2870) for individuals with a length of stay of 1 to less than 2 days up to $236 657 (95% CI stay of less than 2 days had adjusted charges of $3010 (95% CI, $1032 to $4989) more than those with no ICU stay whereas those with an ICU stay of 12 days or more had an adjusted difference of $70 247 (95% CI, $43 779 to $96 716). Only the most severe TBI (AIS ≥5) was a significant predictor of increased adjusted mean charges when compared with AIS 1 (adjusted difference $1593; 95% CI, $103 to $3083). Our subanalysis of individuals comprising the top 1% of total charges (n = 19) revealed that they were more likely to be men (74% vs 52%, P = .06) and to have other insurance, which includes no insurance (26% vs 9%, P = .03). They had more severe TBI as evidenced by a head AIS score of 5 or more (42% vs 20%, P = .04) and more severe overall injury, measured as an ISS 9 or more (58% vs 26%, P = .002). They were more likely to have an ICU stay 12 days or more (89% vs 7%, P < .001), an overall hospital stay 28 days or more (89% vs 1%, P < .001), and to be discharged to a rehabilitation facility (100% vs 55%, P = .02). Individuals with the highest charges were more likely to have been injured in a motor vehicle collision (53% vs 17%, P < .001). In terms of injury location, these individuals were more likely to have injuries to the spine (47% vs 19%, P = .002) and abdomen (37% vs 11%, P < .001). Finally, the mean unadjusted total charge for these individuals was $427 080 (SD, $143 960).
DISCUSSION
Older adults are the only age group for whom hospitalization rates for TBI are increasing and the costs are significant. 2 Mean charges for TBI hospitalization at a Level 1 trauma center totaled $36 075 for adults 65 years and older and were significantly higher among men than among women. Physician charges comprised 15% of total charges. Length of hospital and ICU stay were associated with the highest charges, even when controlling for TBI and other injury severity. Prior cost estimates of TBI hospitalization from other studies ranged from $18 829 to $28 566, but these estimates are over 10 years old, included mixed ages and treatment locations, and did not specifically break out physician charges. 11, 12, 20 In fact, the Farhad and Schootman studies did not include physician charges and therefore likely underestimated total costs. 12, 21 These prior studies used cost-to-charge ratios available for their data to calculate the resource cost of treatment from billed charges, which may explain some of the variation between prior estimates and our own. 22, 23 The average cost-to-charge ratio for urban hospitals in Maryland in 2012 was 140.65%. 24 Applying this ratio to our mean unadjusted charges results in a cost estimate of $25 649. Compared with Thompson's cost estimate of $25 482, our calculated estimate suggests that the cost of treating older adults for TBI at a trauma center has not increased significantly over the last decade. Although this seems counterintuitive, it is possible that the rapid availability of computed tomography scans and trauma surgeons at a trauma center may reduce the need for unnecessary hospitalizations, result in reduced length Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. of hospital stay, or that modern triage guidelines are resulting in less severe cases coming to trauma centers to rule out more serious injuries. In addition as Maryland has one of the lowest cost-to-charge ratios in the United States due to highly regulated rate setting by the Maryland Health Services Cost Review Commission, our costs could be lower than the national average. 25 Mechanism of injury may also contribute to differences in cost. Hospital charges for TBI sustained in a motor vehicle collision in Ohio averaged $46 441 whereas Farhad et al reported mean cost for treatment of TBI, regardless of mechanism ($21 460), from the same timeframe. 12, 26 This variation is partially attributable to reporting of charges in the Ohio study versus costs in the Farhad study but also suggests that mechanism of injury may impact costs. This is consistent with our subanalysis restricting to those with the top 1% of costs where motor vehicle collisions accounted for a larger percentage of injuries as well as prior reports and provides a rationale for lower TBI treatment costs among older adults as well as our observation that charges for older women, who are even less likely to be injured in a motor vehicle collision, are significantly less than charges for older men. 11, [27] [28] [29] Although there are no national cost estimates for treatment at a trauma center that are specific to TBI, in 2005 the average cost of hospitalization at a trauma center for individuals with any injury receiving a minimum AIS score of 3 was $47 933. 5 This estimate is inflated by the higher hospitalization costs for younger adults and exclusion of milder (AIS <3) injuries, and consequently is difficult to compare to our findings. 5, 11, 12 Length of hospital and ICU stay were the primary drivers of adjusted charges in this study. In particular, a hospital stay of 4 to 6 days doubled the total adjusted hospitalization charges compared with a stay of less than 1 day, whereas staying 14 to 27 days resulted in a 5-fold increase in charges. Prior studies on TBI costs did not examine ICU or length of stay but identified other characteristics associated with increased costs such as TBI and overall injury severity, consistent with our findings. 26, 30, 31 Unadjusted mean charges for older women were significantly lower than those of older men, consistent with prior literature in mixed age groups and likely resulting from shorter average length of hospital stay and less time in the ICU, perhaps due to differences in injury mechanism. 12 Once adjusted for factors associated with increased charges, the difference between men and women was reduced to a minimal but statistically significant $894.
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A limitation of this study and many others is its focus on charges instead of actual costs. Charge information represents the amount that hospitals and physicians billed for services, but does not reflect the specific amounts that hospitals received in payment, which could be significantly lower, or the actual resource cost to hospitals. This study was conducted at a single urban trauma center in Maryland; hence, results may not be generalizable to all trauma centers where TBI is treated. Finally, costs of rehabilitation postdischarge were not included in this study, yet they significantly increase costs of treatment. In our subanalysis of individuals with the highest charges, those who survived (13/19 = 68%) were discharged to a rehabilitation facility where they would incur more costs. In a prior study, the index hospitalization event accounted for only 31% of total 1-year TBI-related costs among individuals aged 65 to 74 years, and 24% of total 1-year costs among individuals 75 years and older. 11 In our study, 33% of those treated were discharged home with the remainder discharged to another billable location such as for skilled nursing or rehabilitation.
This study provides estimates of the hospital and physician charges associated with hospitalization for TBI among older adults at a Level 1+ trauma center that will aid in resource allocation, triage decisions, and healthcare policy.
